Highly permeant anions and glucose uptake as an alternative for quantitative generation and estimation of membrane potential differences in brush-border membrane vesicles.
We have analyzed the combined utilization of highly permeant anions to induce membrane diffusion potentials and glucose uptake to probe the created potentials as a new approach to quantitative generation and estimation of membrane potential differences in vesicle studies. Rabbit jejunal brush-border membrane vesicles were used in our experiments so that membrane potential differences can be calculated from the Goldman-Hodgkin-Katz equation with the relative ion permeabilities recently reported for this preparation (Gunther, R.D., Schell, R.E. and Wright, E.M. (1984) J. Membrane Biol. 78, 119-127) or approximated by the Nernst potential for the anion. Iodide was selected as the highly permeant anion after showing its absence of effect on glucose uptake with equal concentrations of Na+ inside and outside the vesicles and the membrane potential clamped to zero with gramicidin D. Membrane potential was varied by altering the intra- and extravesicular iodide concentrations while keeping isosmolarity and isotonicity constant by chloride replacement. In these conditions, glucose uptake was sensitive and correlated to the expected membrane potentials. Moreover, a linear relationship between the log initial rate of glucose transport and membrane potential differences could be established. This linear relationship was quite insensitive to inside replacement of choline by potassium and to pH variations in the incubation medium, thus showing the reproducibility and the versatility of the method and the adequacy of glucose uptake as a probe for membrane potentials. However, no information can be gained on the stoichiometry of the Na+-glucose transporter as the slope of the straight line depends on both the charge carried by the fully loaded carrier and the point in the electric field at which the transition state of the carrier from cis to trans occurs. This new approach was compared with the more conventional one using valinomycin-induced K+-diffusion potentials and the Nernst potential for potassium as means for creating and estimating membrane potential differences. Both techniques were not equivalent, as linear relationships showing smaller slopes and sensitivity to pH were recorded with the latter. These differences are compatible with a potassium permeability in the presence of valinomycin that is lower than generally assumed, at least when compared to the permeability of the other ions present in the incubation medium.(ABSTRACT TRUNCATED AT 400 WORDS)